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(54) SELF-DIAGNOSTIC DEVICE FOR VARIABLE VALVE TIMING CONTROL DEVICE 
(57)Abstract: 

PURPOSE: To conduct a diagnosis for troubles, including mechanical 
troubles in addition to electric troubles in a variable valve timing 
control device. ^.^^y^mi 
CONSTITUTION: It is judged that the water temperature Tw, the |— ] »i»tf<Tw 
number of revolutions Ne, and loads conform to specified diagnostic ^ 
conditions, and a variable valve timing control solenoid 4 is in an OFF- 
state, and not in a highland travelling state. When these conditions 
are satisfied, the quantity QA of intake-air in the OFF-state of the 
solenoid 4 is sampled. Then, the solenoid 4 is forcedly turned ON, 
and the quantity QA1 of intake air is sampled under the condition. 
When the deviation AO between the air quantity QA1 and the air 
quantity QA is judged less then a specified, value, the system is 
judged to be in trouble. 
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DETAILED DESCRIPTION 




[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the technology of diagnosing failure of the adjustable valve timing 
control unit which carries out adjustable control of the valve timing of an internal combustion engine in detail 
according to the control signal outputted according to an engine service condition, about the self-test equipment of an 
adjustable valve timing control unit. 

[0002] 

[Description of the Prior Art] The adjustable valve timing control unit which operates from the former the valve timing 
adjustable mechanism which switches the opening-and-closing stage of an engine's inhalation-of-air bulb according to 
an engine service condition is formed. At the time of an engine's high rotation and a heavy load, the amount of overlap 
of the open state of an inhalation-of-air bulb and an exhaust air bulb is enlarged. Raising a charging efficiency using an 
inhalation-of-air inertia force is performed ("new model explanatory (FGY 32-1)" edit issue : the Nissan Motor , Inc 
issue years : references, such as August, 1991 ). 

[0003] With the above adjustable valve timing control units, with the control signal outputted from the control unit 
which inputs a rotation signal, an inhalation air-content signal, etc., for example, the oil pressure which operates a 
valve timing adjustable mechanism is controlled by making an adjustable valve timing control solenoid ON-OFF, the 
opening-and-closing stage of an inhalation-of-air bulb is switched, and it is controUine 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, there was a method of checking a control signal by 
incorporating in a control unit from a signal line [ near the adjustable valve timing confrol solenoid / transmit / the 
expected control signal / to the aforementioned adjustable valve timing control solenoid / as a method of diagnosing 
failure of the above adjustable valve timing control units ] /. 

[0005] However, in spite of outputting the confrol signal of ON, for example according to the method of starting The 
case where it is still an OFF state, without switching to the operating state to which the adjustable valve timing confrol 
solenoid balanced ON control in fact. Although the solenoid is operating normally, it cannot diagnose mechanical 
failure to which abnormahties are in a hydraulic cfrcuit or a valve timing adjustable mechanism, and expected switch 
confrol is not performed. Although valve timing has not switched to an expected state in fact, when normal, it might 
incorrect-diagnose to it. 

[0006] this invention is made in view of the above-mentioned frouble, the self-test equipment which can perform the 
diagnosis also including mechanical failure in an engine's adjustable valve timing confrol unit is offered, and it aims at 
raising a diagnostic performance. 
[0007] 

[Means for Solving the Problem] Based on the control signal outputted according to an engine service condition from a 
control unit, this invention is self-test equipment of the adjustable valve timing confrol unit which carries out 
adjustable confrol of the valve timing of an internal combustion engine, and as shown in drawin g 1 , it is constituted. In 
drawin gj. , an inhalation air-content detection means detects an engine's inhalation afr content. 
[0008] Moreover, a valve timing compulsion adjustable means switches the aforementioned confrol signal 
compulsorily, and changes valve timing compulsorily as an object for self-tests. And the variation of the inhalation air 
accompanying a switch of the valve timing by the air-content change operation means and the valve timing compulsion 
adjustable means is calculated based on the detection value of the aforementioned inhalation air-content detection 
means. 

[0009] A self-test means performs troubleshooting of the aforementioned adjustable valve timing confrol unit based on 
the variation calculated with the air-content change operation means. 
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[0010] 

[Function] According to this composition, in the adjustable valve timing control unit with which adjustable control of 
the valve timmg is carried out based on the control signal outputted according to an engine service condition first 
switch control of valve timing is made to perform compulsorily independently with an engine service condition and it 
is called for how many inhalation air contents detected with an inhalation air-content detection means with a switch of 
this valve timing change. 

[001 1] When an inhalation air content will not change even if the inhalation air content should change with change of a 
charging efficiency and it changes valve timing if a switch of valve timing is performed normally, that from which 
valve timing has not switched in fact even if a control signal performs switch control of valve timing can be presumed 
Therefore, when there is little change of the air content accompanying a switch of compulsory valve timing it can be 
judged as what a certain failure which contains electric failure and a mechanical failure in an adjustable valve timing 
control unit has produced. 
[0012] 

[Example] The example of this invention is explained below. Drawing 2 is drawing showing the example of 
composition of the adjustable valve timing control unit concerning this invention, and the internal combustion engine 
with which this adjustable valve timing control unit is applied is independently equipped with an inspired air flow path 
cam shaft and an exhaust side cam shaft, respectively. 

[0013] The adjustable valve timing control unit shown in this drawing 2 is attached to the inspired air flow path cam 
sprocket 1, and is constituted by the adjustable valve timing control solenoid 4 which controls supply of the oil 
pressure for the valve timing adjustable mechanism 3 which carries out adjustable control, and this valve timing 
adjustable mechanism 3 operating the phase of a crankshaft (illustration ellipsis) and the inspired air flow path cam 
shaft 2, and the control unit 5 which outputs the control signal of turning on and off to this adjustable valve timing 
control solenoid 4 according to an engine's service condition. 

[0014] As the aforementioned adjustable valve timing control solenoid 4 is shown in drawing 3 and dravying 4 , in the 
state of OFF (un-energizing) of the solenoid prepared in the end face side ( drawin g 3 and drawin g 4 upper part side), 
the aforementioned rod 1 1 retreats to a solenoid side, and the aforementioned rod 1 1 is extended in the state of ON 
(energization) of a solenoid in the direction which separates from a solenoid. To the point of the housing 12 supported 
on the other hand so that the aforementioned rod 1 1 might be surrounded The tubed valve element 13 which is guided 
at the inner skin of this housing 12, and moves to shaft orientations is installed inside. This valve element 13 is 
energized by the coil spring 14 infixed between the housing 12 aforementioned points at the rod 1 1 side, and a valve 
element 1 3 contacts rod 1 1 apical surface according to this energization force, by this A valve element 13 is 
interlocked with the attitude of a rod 1 1 , and moves to shaft orientations. 

[0015] moreover, the introduction for introducing the hydraulic oil fed by the nose-of-cam side peripheral wall of the 
aforementioned housing 12 from the hydraulic power unit which is not illustrated in the space surrounded by housing 
12 inner circumference and the valve element 13 inside - opening of the hole 15 is carried out moreover - a valve 
element 13 -- introduction - the free passage for discharging the hydraulic oil introduced through the hole 15 to the 
space surrounded by housing 12 inner circumference of valve element 13 outside, and rod 1 1 periphery ~ opening of 
the hole 16 is carried out fiirthermore, the drain which attends the space surrounded by housing 12 inner cu-cumference 
and rod 1 1 periphery -- opening of the hole 17 is carried out to the peripheral wall of housing 12 
[0016] in the state of OFF (un-energizing) of the adjustable valve timing control solenoid 4, a rod 1 1 refreats to a 
solenoid side here - a valve element 13 - from housing 12 nose of cam ~ separating -- this state ~ the peripheral wall 
of a valve element 13, and the aforementioned introduction -- a hole 15 - not interfering ~ a hydraulic oil - the 
aforementioned introduction ~ it receives and a hole 15 is introduced in housing 12 - having ~ the inside of housing 
12 - a free passage ~ a hole 16- minding - moving ~ a drain ~ 

[0017] on the other hand in the state of ON (energization) of the adjustable valve timing control solenoid 4, a rod 1 1 is 
extended to a valve element 13 side - a valve element 13 ~ housing 12 nose of cam ~ turning - descending ~ the 
peripheral wall of a valve element 13 ~ the aforementioned introduction ~ since a hole 15 will be blockaded from the 
inside ~ a hydraulic oil ~ a drain ~ it will be in the state where it is not discharged through a hole 17 the 
aforementioned introduction - the fluid passage 18 which is open for free passage to a hole 15 ~ the upstream ~ the 
fluid passage of the valve timing adjustable mechanism 3 - open for free passage ~ **** - the OFF state of a solenoid 
4 - a hydraulic oil - the aforementioned drain - by being discharged through a hole 17, oil pressure does not act on 
the valve timing adjustable mechanism 3, but a solenoid 4 tums on ~ having ~ a drain ~ if a hole 17 is closed, oil 
pressure will act on the valve timing adjustable mechanism 3 

[0018] The aforementioned fluid passage 18 is open for free passage to the fluid passage 19 established in the cam 
shaft 2, before resulting in the aforementioned solenoid 4, and a solenoid 4 arrives at the front face of the plunger 21 of 
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cam sprocket 1 built-in via the fluid passage 20 where the hydraulic oil supplied to the aforementioned fluid passage 19 
was prepared m the cam sprocket 1 in the state where a hydraulic oil is not discharged from a solenoid 4 side by the 
ON state. And the hydraulic oil which arrived at the front face of a plunger 21 acts so that a plunger 21 mav be forced 
on a cam-shaft 2 side with the oil pressure. 

[0019] Since the aforementioned plunger 21 has geared with the cam sprocket 1 and the cam shaft 2 by the helical gear 
22 if It is pushed by the aforementioned oil pressure, it moves to shaft orientations to a stopper position rotating ^id 
at this time, since the cam sprocket 1 is being fixed by the timing chain which is not illustrated, a cam-shaft 2 side will 
rotate with a plunger 21, and the relative position of the hoop direction of the cam sprocket 1 and a cam shaft 2 will 
change. 

[0020] if the control solenoid 4 is turned off on the other hand ~ the drain of a solenoid 4 - the force which forces the 
aforementioned plunger 21 on a cam-shaft 2 side by discharging a hydraulic oil through a hole 17 ~ being lost - the 
aforementioned plunger 21 - the energization force of a return spring 23 ~ it will return to the position of the origin 
which is separated from a cam-shaft 2 side thus, in the adjustable valve timing control unit of this example It is that to 
which the phase of an inspired air flow path cam is changed with operation angle regularity by changing the phase to 
the crankshaft of the inspired air flow path cam shaft 2. in this example As shown in drawing 5 (a) and (b) at the OFF 
state of a solenoid 4, the open time of an inhalation-of-air bulb is overdue, conversely, by the ON state of a solenoid 4 
the open time of an inhalation-of-air bulb is rash, and the amount of overlap with an exhaust valve increases 
[0021] Turning on and off of aforementioned SORENODO 4 is controlled by the control signal from a control unit 5 
and makes the aforementioned solenoid 4 turn on and off according to an engine service condition, and in order to suit 
and change the opening-and-closing time of an inhalation-of-air bulb to a service condition, the engine rotation signal 
Ne, the engine inhalation air-content signal Q, and the circulating-water-temperature signal Tw from the crank angle 
sensor 8, an air flow meter 9 (inhalation air-content detection means), and a coolant temperature sensor 10 are inputted 
into a control unit 5. 

[0022] And the control unit 5 which builds in a microcomputer calculates an engine load equivalent value from the 
aforementioned inhalation air-content signal Q and the rotation signal Ne, determines turning on and off of a solenoid 4 
with reference to the valve timing control map (refer to drawing 6 ) beforehand set up considering an engine load and 
rotation as a parameter, and outputs the on-off-control signal according to this determination to a solenoid 4. 
[0023] Furthermore, in this example, the ftinction to perform the self-test of the adjustable valve timing control unit of 
the above-mentioned composition is prepared in the control unit 5. Below, the situation of the self-test in a confrol unit 
5 is explained according to the flow chart of drawin g 7 . In addition, in this example, as shown in the flow chart of 
aforementioned drawing^ , the control unit 5 is equipped with the function as a valve timing compulsion adjustable 
means, an air-content change operation means, and a self-test means in software. 

[0024] It sets to the flow chart of drawing^ , and is Step 1 (referred to as SI all over drawing.). At the - step 5, it 
distmguishes like the following whether the various conditions which perform a self-test are satisfied. First, at Step 1, it 
distinguishes whether a circulating water temperature Tw is more than predetermined temperature (for example 60 
degrees C). ' 

[0025] And when it is more than circulating- water-temperature Tw predetermined temperature, it progresses to the 
following step 2 and distinguishes whether the engine rotational speed Ne is in predetermined speed range (for 
example, low rotation region which is about 1500-2000 rpm). When rotational speed Ne is in predetermined speed 
range, fiirther, it progresses to Step 3 and distinguishes whether an engine load is in a predetermined low load field. In 
addition, the central value of the aforementioned engine load is calculated from the aforementioned inhalation air 
content Q and the engine rotational speed Ne. 

[0026] when the engine rotational speed Ne is distinguished in predetermined speed range more than predetermined 
temperatiure by the above-mentioned judgment as an engine load is predetermined within the limits even if a 
circulating water temperatiire Tw changes bulb tie MIG compulsorily by it ~ exhaust air - what does not have big 
mfluence on a character is presumed, and it progresses to the following step 4 the compulsory valve-timing switch 
which starts although it is the composition of making it diagnosing based on change of the inhalation air content which 
switches valve timing compulsorily because of a self-test, and is then generated, in this example as mentioned later - 
following - exhaust air - since he wants to avoid that aggravation of a character and sudden change of operability 
occur, a service condition with if possible little influence is set up beforehand, and it is being made to judge at Step 1 - 
Step 3 whether this service condition is suited 

[0027] Even if it performs switch control of compulsory valve timing, if it is judged at Step 1 - Step 3 that influence is 
•'^'''^ condition, It will progress to Step 4, and it distinguishes whether it is in the state where the control signal 
ot OFF is outputted to the adjustable valve timing confrol solenoid 4, and the state currently controlled by valve timing 
with few amounts of overlap if it puts in another way. 
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[0028] If it is distinguished at Step 4 that a control signal is an OFF state, it will progress to Step 5 and will distinguish 
whether it is a high-ground run state. Although this high-ground judging can be made to judge based on the detection 
value of atmosphenc pressure, it can use various well-known methods. Since change of the inhalation air content 
accompanying [ that it is a high-ground run state ] a switch of valve timing decreases compared with the time of 
lowlands and it becomes impossible to secure diagnostic precision, it progresses to the diagnostic step after Step 6 a 
condition [ it not being a high-ground run state (it being the altitude below predetermined) ]. 
[0029] At Step 6, the inhalation air content Q detected with the air flow meter 9 is set to QA as an air content 
corresponding to the OFF control state of the adjustable valve timing control solenoid 4. From a service condition 
although It is the conditions which should make a solenoid 4 turn off originally, ON control signal is compulsorily 
outputted to a solenoid 4 for a self-test, and valve timing is controlled by the following step 7 in the direction (refer to 
drawing^ (b)) in which the amount of overlap becomes large compulsorily. 

[0030] And at the following step 8, the inhalation air content Q detected with the air flow meter 9 immediately after 
making a solenoid 4 turn on compulsorily as mentioned above is sampled, and this is set to QAl as an air content 
corresponding to a control signal ON state. In addition, since valve timing does not switch in an instant and time lag is 
produced according to the delay of an oil pressure control even if it outputs ON control signal to a solenoid 4 it is good 
to make it make the air flow meter detection value in the time of having passed the aforementioned time delay since the 
OFF->ON switch sample. 

[0031] At Step 9, deflection deltaQ (<-QAl-QA) of the air content QA 1 in the ON control state of the solenoid 4 
called for as mentioned above and the air content QA in an OFF control state is calculated. That is, the aforementioned 
deflection deltaQ is data in which change of the air content accompanying having carried out the OFF -> ON switch of 
the solenoid 4 compulsorily, and having switched valve timing is shown. 

[0032] When the aforementioned deflection deltaQ is calculated, the aforementioned deflection deltaQ makes it 
distinguish by comparing the aforementioned deflection deltaQ with a predetermined value at the following step 10 
whether it has an amount corresponding to the switch of valve timing, this example shows to drawing 6 - as - low and 
medium speed, and a low load field ~ a solenoid 4 ~ turning off - this field - the amount of overlap - few - carrying 
out - inhalation efficiency ~ exhaust air - improvement in a character is aimed at and compulsory ON control in the 
aforementioned step 7 is performed in this field 

[0033] therefore, the above ~ by compulsory ON control of a solenoid 4, inhalation efficiency should improve because 
the closed time of an inhalation-of-air bulb is rash, and according to increase of this inhalation efficiency, the 
inhalation air content Q should show the increase change more than predetermined Even if it switches a control signal, 
change of an inhalation air content stops however, occurring, since change of inhalation efficiency does not arise when 
failure from which valve timing does not actually switch according to the control signal outputted to a solenoid 4 has 
arisen. 

[0034] Then, that fi-om which valve timing has not actually switched according to the control signal when it is 
distinguished at Step 10 that the aforementioned deflection deltaQ is below predetermined can be presumed, and 
conversely, when an expected au--content change is obtained, that to which valve timing is normally switched 
according to the control signal outputted to a solenoid 4 can be presumed. 

[0035] Here, when it is distinguished that the aforementioned deflection deltaQ is more than predetermined, it 
progresses to Step 1 1, tiie normal judging of a system is performed, the control signal outputted to a solenoid 4 is 
retiimed to the OFF state according to the original service condition, and this routine is terminated. A failure judging is 
not performed immediately but it progresses to Step 12, and when it distinguishes whether the self-test by compulsory 
ON-OFF conti-ol of a solenoid 4 was carried out twice and distinguished fi-om failure by one diagnosis, it returns to 
Step 7 that it should check again, and is made to diagnose once again, although what a certain failure has generated is 
presumed on the other hand when it is distinguished that the aforementioned deflection deltaQ is below predetermined. 

[0036] And when it is distinguished that the aforementioned deflection deltaQ is failure in below predetermined in the 
2nd time, it considers that the diagnostic result based on the aforementioned deflection deltaQ is clear, it progresses to 
Step 13, and failure of a system is judged, in addition - the above-mentioned example - an operation angle ~ the 
adjustable valve timing control unit of composition of changing an operation angle (tiie amount of lifts) with an 
opening-and-closing stage, although the opening-and-closing stage of an inlet valve was made adjustable while it had 
been fixed - you may be - moreover, an operation angle - it is clear that it is not what is limited to the above- 
mentioned adjustable mechanism even if it is the case where valve timing is changed while it has been fixed 
[0037] Moreover, although a solenoid 4 is made to turn on compulsorily and it asked for change of the air content at 
this time in the above-mentioned example at the time of the OFF conditions of a solenoid 4, it is good conversely also 
as composition which makes a solenoid 4 turn off compulsorily at the time of the on-condition of a solenoid 4 
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However, if control which makes slow compulsorily the closed stage of the inhalation-of-air bulb 4 is performed while 
makmg a solenoid 4 turn on and bringing forward the closed stage of an inhalation-of-air bulb generally since the 
mfluence on operability will be predicted to be a large thing, the composition of making it turn on compulsorily on the 
OFF conditions of a solenoid 4 is more desirable like the above-mentioned examnle. 
[0038] *^ 

[Effect of the Invention] In the adjustable valve timing control unit which carries out adjustable control of the valve 
timing of an internal combustion engine based on the control signal outputted according to an engine service condition 
from a control unit according to this invention as explained above Since it diagnosed whether valve timing would 
actually be switched according to the control signal using an inhalation air content changing according to a compulsory 
switch of valve timing It can diagnose also about mechanical failure of a valve timing controlling mechanism besides 
electric failure of a control signal output system, and is effective in the ability to offer a reliable diagnostic result now 
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CLAIMS 




[Claim(s)] 

[Claim 1] It is self-test equipment of the adjustable valve timing control unit which carries out adjustable control of the 
valve timmg of an mtemal combustion engine based on the control signal outputted according to an engine service 
condition from a control unit. An inhalation air-content detection means to detect an engine's inhalation air content and 
a valve timing compulsion adjustable means to switch the aforementioned control signal compulsorily and to change 
valve tiniing compulsorily as an object for self-tests, An air-content change operation means to calculate the variation 
of the inhalation air accompanying a switch of the valve timing by this valve timing compulsion adjustable means 
based on the detection value of the aforementioned inhalation air-content detection means, Self-test equipment of the 
adjustable valve timing control unit characterized by being constituted including a self-test means to perform 
troubleshooting of the aforementioned adjustable valve timing control unit based on the variation calculated with this 
air-content change operation means. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[DrawingJL] The block diagram showing the basic composition of this invention. 

[Drawing^] The system-outline view showing one example of this invention. 

[Drawin g,!] Drawing showing the state of the oil pressure control in the ON state of a control signal. 

[DrawingJL] Drawing showing the state of the oil pressure control in the OFF state of a control signal. 

[Drawin g^] Drawing showing change of the opening-and-closing stage of the inlet valve by turning on and off of a 

control signal. 

[Drawing 6] The diagram showing the on-off-control field of a control signal. 
[DrawingJTJ The flow chart which shows self-test control of an example, 
[Description of Notations] 

1 Cam Sprocket 

2 Cam Shaft 

3 Valve Timing Adjustable Mechanism 

4 Adjustable Valve Timing Control Solenoid 

5 Control Unit 

8 Crank Angle Sensor 

9 Air Flow Meter 

10 Coolant Temperature Sensor 
18-20 Fluid passage 

21 Plunger 

22 Helical Gear 

23 Return Spring 
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Drawing 11 




[Drawing 2 ] 
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^tc^. mi^mz^-Dxwvii^ir^n^t. mmvfs: 

'f)^^::^hy/Mtm^x^-:^\^iz^mv. ;icD<h^;^AX 
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